Experimental trawl sampling was carried out along the South Ionian and South Adriatic Seas between 2006 and 2008 in depths from 71 to 586 m. This study investigates the available information on biology of P. longirostris in both areas. The length frequency distribution of the Greek specimens ranged between 7.08-38 mm CL (2-3 size groups), while between 14-37 mm CL (1-2 size groups) in the Montenegrin samples and was not significantly dependent on depth in both areas. The values of the slope (b) of the CL-W relationships in both countries were similar to those found in other Mediterranean areas and were higher in the Greek samples. The spawning period takes part in the sampling period in both areas. The smallest mature female in the Ionian Sea was 10 mm CL and 16 mm CL in South Adriatic Sea. Sex ratio was significantly higher than 1:1 in favor of males in the South Ionian Sea, while females statistically outnumbered males in the Montenegrin samples. The observed biological differences between in the two study areas could be attributed to the different sampling depth and the exploitation the ratio
Introduction
Parapenaeus longirostris is actually the target species of an important fishery of trawlers in the Mediterranean. The deep water rose shrimp, P. longirostris, shows a wide geographic distribution, from the eastern Atlantic north of Spain (Holthuis, 1980; Olaso, 1990) to the southern waters of Angola (Crosnier et al., 1968) , as well as in the Mediterranean and its adjacent seas (Thyrrenian, Adriatic, Aegean, and the Sea of Marmara) (Massutí, 1963; Audouin, 1965) .
In the Mediterranean Sea, P. longirostris is caught by trawl and is the most important crustacean resource along the coasts of Spain, France, Italy, Algeria, Tunisia and Turkey (Sbrana et al., 2006) . FAO catches and landings statistics from 1972 to 1991 indicate that the deep water rose shrimp is the fifth species in order of biomass importance among crustaceans landed in the whole Mediterranean area (Stamatopoulos, 1993) . The total catch reported for this species to FAO in 2009 was 20.924 t, while the total catch ten years before (1999) was 17.778 t. (FAO, http://www.fao.org/fishery/en).
In the Mediterranean basin, the bathymetric distribution of the deep water rose shrimp ranges between 20 and 750 m, but the species is more common and abundant on sandy-muddy bottoms between 100 and 400 m (Politou et al., 2005) . A sizerelated bathymetric distribution was observed with juveniles (<20 mm CL) occurring in the shallower depths and larger specimens moving towards deeper waters (Abelló et al., 2002) . In the Mediterranean Sea, many studies carried out during the last years allowed the collection of detailed information on distribution, abundance, and biology (e.g. Sobrino et al., 2005 and references herein; Ligas et al., 2011; Kapiris, 2004) , nevertheless few studies have been carried out on the exploitation state of this species (e.g. GFCM, 2011) .
P. longirostris, fished in all the Greek Seas, is the most important species (in catch weight, landings, and value) among the commercial crustaceans in Greece (Mytilineou et al., 2001; Kapiris et al., 2007) . P. longirostris annual catches in Greece (1990 Greece ( -2008 showed a great variability, with three maxima in 1992 (1.824 t), in 1997 (1.703 t) and 2005 (1.472 t). In contrast, lowest landings were recorded during the period 2001-2003 (845 and 889 t, respectively) (Hellenic Statistical Authority, ELSTAT data), indicating a weak negative trend with time at 90% significance level. The fishing gears used for P. longirostris in the Greek fishery are trawls (66.79% of the total catch of this shrimp is fishing by trawls), seine nets (3.61%), ring nets (0.98%) and other gears (28.63%) (ELSTAT data). The mean annual landings of P. longirostris during the period 1990-2004 were 1.226.87 t (28.31% of the total crustacean landings (ELSTAT data). The annual economic value increased between 1991-2002 (ELSTAT data), ranging from 22% to 50% of the total crustacean value, indicating a similar trend with time and landings. On the other hand, the average price per year of this species showed a great variability without displaying any significant trend. The highest abundances of this species in Greece were found in the N. Ionian Sea, Argosaronikos Gulf and Aegean Sea (Abelló et al., 2002) . The knowledge on the exploitation state, spatial distribution and biology of this important species in the Greek seas is incomplete and is an outcome of the experimental surveys mainly carried out by the Hellenic Centre for Marine Research (Abelló et al., 2002; Kapiris et al., 2002 Kapiris et al., , 2012 Kapiris, 2004; Politou et al., 2008) in the frame of European projects.
This shrimp occurs also in the deeper central Adriatic, in the Pomo/Jabuka Pit and in the southern Adriatic. It inhabits only muddy sediments, at depths deeper than 130 m (Karlovac, 1949) . In the Pomo/Jabuka Pit region, this species lives on sea bottoms from 150 to 190 m (Jukić, 1975; Županović and Jardas, 1989) . In the southern Adriatic (along the Italian coast) the population is most dense at depths from 200 to 400 m (Pastorelli et al., 1996) . In the same period, it was discovered that this species was abundant along the Albanian coast (Pastorelli et al., 1996) . Off the Montenegrin coast, this species was occasionally present until the late 1990. During the 1995 MEDITS survey in the central and northern Adriatic, the average biomass index was 0.28 kg/km 2 , and in the southern Adriatic (along with one part of the Ionian Sea) it was 3.72 kg/km 2 (Relini et al., 1999) . In the South Adriatic Sea (Montenegrin territorial waters), the demersal fishery takes place on the entire continental shelf and on a small part of the continental slope. In this area the abundance of P. longirostris has been very low for a long period of time (Merker-Poček, 1971 ). In 1998 the catches of this species increased considerably. In the following years it expanded over the entire shelf area, and during 2000 consisted the main target species of trawlers (Regner and Joksimović, 2002; Kasalica and Joksimović, 2005) . At present the deep-water rose shrimp represents the main target decapod and has became one of the most important commercial species for the Montenegrin trawl fishery (Kasalica et al., 2007) .
The main objective of the present study is to consider the available information on biology (ageing, reproductive aspects, sex ratio, CL-water depth and CL-W relationships) and give some principal data on the fishery of this species in the S. Ionian (Greek) and South Adriatic Sea (Montenegrin) waters, in the period [2006] [2007] [2008] . These data could be helpful in formulating advices for fisheries management of this species in Greece and Montenegro. and covers all trawlable areas from 10 to 800 m of the South Ionian Sea with pre-defined sampling stations (32 hauls in the study area) with the same trawl. The bottom trawl used had a 20 mm codend mesh size, the length of the trawler was 27.7 m having one 537 kW engine. A random sampling stratified by depth, with proportional allocation of tows taking into account the area of each depth interval and geographical sector was used. Further details on the standardized sampling protocol can be found in Bertrand et al. (2000 Bertrand et al. ( , 2002 .
Materials and Methods

Data
The samples from the Montenegrin area were collected in the frame of the Pilot study on biological and economic data collection and monitoring system in Montenegro with the support of the FAO AdriaMed and in the frame of the National project of monitoring of demersal resources, which were was carried out by the Institute of Marine Biology. For the above mentioned project the fishing activities of the most important fishing ports (Herceg Novi, Budva, Bar and Kotor) were monitored on a sampling basis. Fishery and biological data concerning the studying decapod were collected every month in 2006 and 2008 from all the above fishery ports in Montenegro. The major part of trawling in Montengrin waters takes place between Budva and Bar, in area of sandy bottoms, and depths ranged between 80 and 200 m. The sampling trawlers for P. longirostris are very old, small, underequipped and/or equipped with substandard equipment. The samples were caught by bottom trawlers using a 20 mm codend mesh size, having a length range from 7.1 to 21.39 m with 35 to 285 kW engine power. Coastal waters of Montenegro occupy about 360 km 2 , territorial waters (extending 12 nautical miles, or 22.22 km, from the coastline) cover a surface of about 2,000 km 2 and the epicontinental belt occupies around 3,900 km 2 . The total sea area of Montenegro is about 6,400 km 2 . Catch and effort data on all the active fleet segments in the sampling ports were gathered by interviewing fishermen at the end of the fishing trip. Sampling days per port and fishing vessels sampled were randomly selected in the period [2006] [2007] [2008] . Biological data on deep-water rose shrimps were collected in the Institute of Marine Biology in Kotor. Carapace length (CL) was measured to the nearest 0.01 mm, from latter margin of orbit to latter hind edge of the carapace, using electronic calipers. Length-frequency distributions of males and females (1 mm intervals) were recorded for the total of the specimens caught in the period 2006-2008. Mann-Whitney and t-test were used to compare the median and mean size between sexes and areas. The sex ratio was estimated according the formula M/M+F. The weight of each specimen was recorded to the nearest g to calculate the length-weight relationship. The carapace lengthweight relationships were based on the equation W = aL b , where W is the weight (g), L the carapace length in mm, and a, b the constants for each sex separately. Comparison of the slopes (b) of the length-weight regression by sex was made by ANCOVA test.
Bhattacharya's method, implemented in the package FiSAT (Gayanilo et al., 1994) , was used to identify and isolate the different, normally distributed, size groups in the polymodal length-frequency distribution separately for males and females. All the 
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age groups were derived taking into account all the criteria (a) the values of separation index (SI) for the different age group, (b) the number of the identified age groups, and (c) the standard deviation (S.D.), described by Gayanilo et al. (1998) .
In order to identify the various maturity stages of females, the modified method of De Ranieri et al (1986) based on the macroscopic observation of the gonads (size and color) (Stage I: immature, Stage II: maturing, Stage III: mature, Stage IV: spent) was used.
Results
The biomass index (kg/km 2 ) and the abundance index (N/km 2 ) of P. longirostris were increased in 200-800 m depth zone. In 2006 the mean biomass of P. longirostris in the South Ionian Sea was 6.46 kg/km 2 and the mean abundance was 1215 N/km 2 . In 2008 were 7.03 kg/km 2 and 1466 N/km 2 , respectively.
Length Frequency Distribution
The carapace length of the females ranged from 7.08 to 38 mm in the Greek waters and from 14 to 37 mm in South Adriatic area and males ranged from 8 to 29 mm in the Ionian Sea waters and from 14 to 32 mm in the South Adriatic waters. Females were statistically larger than males in both areas (MannWhitney test, P>0.05) (Figure 2 
Sex Ratio
Sex ratio (M/M+F) indicated that males were more abundant in the Greek area (0.64) during the study period (Figure 4) , whereas in the South Adriatic There was a statistically significant difference between the sex ratio values among the different sampling depths in the Greek waters (ANOVA, P<0.05), with males displaying higher abundance in depths over 300 m (Figure 3) . The limited sampling depth in the Montenegrin waters did not permit a broad comparison between the two areas, although α different trend was observed with females being more abundant in both sampling depth zones (<100 m, 100-200 m).
Size-Depth Relationship
There was no statistically significant relationship between size-depth in both sexes and areas (ANOVA, P>0.05). The correlation coefficients of the linear model (Depth=a+b*carapace length) were low, especially in Montenegro (Table 1) . It is worth noting that the average of the carapace length of both sexes in the deepest Greek samples (more than 400 m) presented higher values than the shallower ones ( Figure 4 ) and, in the same area, the smaller individuals (7-13 mm CL) of both sexes were found in depths around 200-220 m.
Carapace Length-Weight Relationships
The results for the carapace length-weight relationships according to sex indicated an allometric growth; exhibiting values of b significantly lower than 3, especially for males. Thus, the estimated slopes (b values) of the CL-W equations were higher in females from Greece, since these specimens displayed larger sizes (2.620 and 2.389, for ♀ and ♂ respectively, caught in the Ionian Sea, 2.309 and 2.032 for ♀ and ♂, respectively caught in the Adriatic). There was a statistically significant difference among the estimated parameters between the two sexes in both areas (ANCOVA, P<0.001, F slopes=38.35 and 217.57, for Greek and Montenegrin samples, respectively). For the same carapace length females were more robust than males ( Figure 5 ).
Age Cohorts
Bhattacharya's method (FiSAT package), was used to identify and isolate the different, normally distributed, size groups in the polymodal lengthfrequency distribution separately for males and females. The general pattern of the pooled data (2006 and 2008) showed that the males population exhibited 2-year cohorts in the Ionian (Greece) and 1-year cohort in the South Adriatic waters (Montenegro), while females displayed more cohorts (3 and 2-year modes for Ionian and Adriatic, respectively). The values of the modes were: males: 21 and 28 mm CL for the Ionian Sea and 21 mm CL for the Adriatic Sea, females: 13, 20, 27 mm CL for the Ionian Sea and 21, 28 mm CL for the Adriatic Sea. (Table 2 ). 
Reproduction Aspects
In the South Ionian the spawning of the deepwater rose shrimp females' is carried out during summer. During this summer study period the immature individuals (Stage I) increased from June to August while the maturing ones (Stage II) decreased. Few mature specimens (Stage III) were found in July and spent shrimps (Stage IV) were present in July and August. In the Montenegrin waters the immature females (St I) were few in the summer months whereasthe maturing ones (Stage II) were very low in August. Mature (Stage III) females increased from June to August and spent females (Stage IV) were found in higher proportion in the summer months ( Figure 6 ). The minimum carapace length of the mature females was much lower in the Ionian (10 mm) in comparison to the Adriatic Sea (16 mm).
Discussion
According to the present study the deep-water rose shrimp was caught mainly between 150 and 400 m in the Ionian Sea. The same depth range has also being observed in the Aegean Sea (Kapiris et al., 2007) . In the shallower depths in the South Adriatic Sea the species was abundant in both depth zones (<100 m, 100-200 m). The mean sizes of the caught specimens displayed very similar ranges to those found in other studies (e.g. Sobrino et al., 2005; Öztürk, 2009) carried out in the Mediterranean, further indicating a size dimorphism between sexes for the species. The lower mean carapace length of the individuals caught in the Greek waters could be attributed to the different temporal presence of the recruitment in these areas, the wider sampling depth zone in the Ionian Sea and the different sampling strategy. The existence of the smaller individuals in the summer months, at least in Ionian Sea, coincides with their abundance in the Gulf of Alicante (S.E. Spain) (García-Rondríguez et al., 2009) . The increased presence of the juveniles (7-13 mm CL) in the shallower depths (<220 m) in the Greek waters does not differ from their increased abundance in similar depths in Israel (Tom et al., 1988) , Morocco (Buurukovsky, 1981) and the Algerian coast (Audouin, 1965) .
The parameters of the size-weight relationship estimated in the present study in both areas amplify the concept of the presence of such an allometry in the relative growth of this decapod crustacean in the whole Mediterranean Sea. Females were more robust than males in both areas and the estimated values of the coefficient b in Greek males and females P. longirostris were similar to those found in other Mediterranean areas, such as the Gulf of Alicante (García-Rondríguez et al., 2009 ), higher to those found off South Portugal (Arrobas and RibeiroCascalho, 1982) and lower than those in the Sea of Marmara (Bayhan et al., 2005) . Both b values estimated for the males and females from South Adriatic Sea were unexpectedly similar to those found in other areas, such as the south Portuguese coast (Arrobas and Ribeiro-Cascalho, 1982) .
The larger number of the identified age groups of both sexes from the CL-frequency analysis of the Greek samples could be attributed to their wider range of the carapace length in the samples. The longevity of females (2-3-year classes), exceeded that of males (1-2-year classes), indicating a size dimorphism. The estimated age classes of both sexes in Ionian Sea presented similar rates to the females caught in Sicilian waters (Froglia, 1982) , but lower than those presented in the S. Portuguese coasts (RibeiroCascalho and Arrobas, 1987) , the Gulf of Cadiz, Spain (Sobrino and Garcia, 1994) , the Tyrrhenian Sea (Sbrana et al., 2006) and the Italian Ionian Sea (D'Onghia et al., 1998) . These observed differences may be related to the different environmental conditions (temperature, food availability, etc.) and/or fishing pressure.
Studies carried out in the Mediterranean indicate a variable reproductive strategy for this species. Heldt (1954) described one sole spawning peak between April and November in Tunisian waters. Drobisheva (1970) found mature females only in spring in the Egyptian coast, while Abdel Razek et al. (2006) noted that the maximum activity was shown during November in Egyptian Mediterranean waters. In contrast to this, Levi et al. (1995) and D' Onghia et al. (1998) described a continuous spawning throughout the year, using a scale of macroscopic observations of the female gonads. Finally, Tom et al. (1988) related its oogenesis with the temperature and depth off the Israeli coasline The existence of two spawning annual peaks was observed in some areas, as by Arrobas (1983, 1987) in south of Portugal, by Sobrino and Garcia (1994) in Atlantic waters off Morocco and southwestern Iberian Peninsula, respectively, in the waters off Congo Crosnier et al. (1970) and in the Sea of Marmara by Bayhan et al. (2005) . The spawning season seems to be slightly more protracted in Montenegrin waters compared to Ionian waters. According to García-Rondríguez et al. (2009) the fluctuation of the reproductive strategy of this decapod could be related to the oceanographic and environmental conditions dominating in each study area. The slight differences in the reproductive strategy of P. longirostris observed between Greek and Montenegrin waters could be attributed to the shallower sampling depth of the latter area and consequently, to slightly higher water temperatures. This is the first common study on the population biology of P. longirostris in the South Ionian and the South Adriatic Montenegrin waters characterized by different fishing pressure on their stocks. The slight differences in length frequency, reproduction, relationships between carapace length-depth and length-weight between the two study areas could be attributed to the different sampling depth and the different exploitation ratio of this important fishery resource in both areas. It is worth mentioning that the prevailing hydrological conditions are very similar in both study areas and they could possibly explain the minor biological differences of this decapod in both study areas. The eastern part of the South Adriatic Sea (Montenegrin waters) has higher temperature and salinity, due to the existence of the Levantine Intermediate Water (LIW) compared to the western part (Italian waters), displaying many similarities with the eastern Mediterranean waters. In addition to this, the formation of dense water which takes place in these South Adriatic waters has a relatively large mass exchange with the Ionian Sea (Russo and Artegiani, 1996) . This mass (LIW) contributes to warming of the bottom water of the eastern side of the South Adriatic. For example, in the 100 m depth of the Montenegrin waters the temperature remains constant all year round at about [14] [15] [16] o C (Ungaro and Gramolini, 2006) . In the South Ionian Sea the measured temperature (14-15 o C) and salinity (≈ 39 % o ) values of the surface waters (0-100 m) were quite similar to those of the South Adriatic (Theocharis et al., 1993) . In both cases, P. longirostris seems to overlap with the bottom temperature pattern and a preferential range of 14-15 o C was identified, which has been previously indicated in other areas of the South Adriatic Sea (Ungaro and Gramolini, 2006) . According an evaluation of the exploitation state of this resource indicated a general over-or full exploitation in Greek waters (Kapiris et al., 2007; MEDITS, 2007) . Unlike to this, the abundance of the population of P. longirostris on the shelf of the South Adriatic coast is not increased and the species is not threatened by the present rate of trawler fishing (Kasalica, 2005) . It would be advisable to improve the monitoring of landings and fishing effort and to investigate the less known aspects of the biology and population dynamics of this economically important species.
